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Specification 


1. Title of Invention 

LAMINATE WITH GAS-BARRIER PERFORMANCE 

2. Scope of Patent Claim 

A laminate with excellent gas-barrier performance, which is made by lamination of an ethylene- 
vinyl alcohol copolymer and polyurethane having a soft segment content of 50 wt% or more. 

3. Detailed Explanation of Invention 

This invention pertains to a laminate comprising ethylene- vinyl alcohol copolymer and 
polyurethane, its purpose being to present 1 of the structural components used to produce high-performance 
composite membranes with marked barrier performance to helium, high weather resistance, high strength, 
etc. 

Development of large, lightweight transportation equipment, including dirigibles, balloons, etc., 
has been studied recently from the point of resource conservation and energy conservation. Moreover, as a 
result of the progress that has been made in polymer chemistry, there is a demand for development of 
laminated films with different properties in a variety of fields. These films are made by lamination of 
different materials with excellent properties. Composite films with the aforementioned properties are 
useful for the aforementioned laminates, and they can also be used as a structural component of resource- 
saving and energy-saving equipment. 

Of these many properties, gas-barrier performance is particularly important. There are a variety of 
materials known to have excellent oxygen-barrier performance and vinyl alcohol polymers show the best 
oxygen-barrier performance. However, a disadvantage of these polymers is the fact that this gas 
permeation coefficient is very dependent on temperature. Nevertheless, ethylene-vinyl alcohol copolymers 
of vinyl alcohol copolymerized with ethylene have low humidity dependency and excellent gas-barrier 
performance. They therefore are an optimum material. 

As a result of investigating gas-barrier performance of various types of plastic materials, including 
ethylene-vinyl alcohol copolymers, to helium, the inventors showed that the amount of helium gas 
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permeation (units:cc/m 2 24 hr atm/25°C 20 }i) of ethylene-vinyl alcohol copolymer film (ethylene content 
of 33 molar%, degree of saponification of 99.5 molar%) is 200, while that of low-density polyethylene film 
is 39,500 and that of polyethylene terephthalate film is 4,000, with the gas-barrier performance of the 
copolymer film to helium being extremely good. 

Nevertheless, this type of ethylene-vinyl alcohol copolymer with excellent gas-barrier performance 
has poor adhesion with materials that are extremely weather resistant. Consequently, it is difficult to obtain 
a material with both gas-barrier performance and weather resistance by direct lamination of the 2 materials 
and therefore, the inventors performed studies in order to solve these problems. As a result, they completed 
this invention upon discovering that a laminate of ethylene-vinyl alcohol copolymer and a specific 
polyurethane has very good adhesion with various types of weather-resistant materials. Furthermore, 
laminates of ethylene-vinyl alcohol copolymer and polyurethane laminate have never been used before. 

That is, this invention is a laminate with superior gas-barrier performance, which is obtained by 
lamination of an ethylene-vinyl alcohol copolymer and a polyurethane with a soft segment content of 50 
wt% or higher. 

The polyurethane used in this invention is (illegible) or solvent soluble. This type of polyurethane 
normally comprises the 3 components of diisocyanate, low-molecular-weight diol (and/or low-molecular 
weight diamine), and polymer diol, or depending on the case, comprises only the first 2 components. The 
polyurethane used in this invention comprises the aforementioned 3 components. Moreover, of these 3 
components, the polymer diol component makes polyurethane soft, while the diisocyanate and low- 
molecular-weight diol (and/or low-molecular-weight diamine) make polymers relatively hard. The soft 
segment in this invention is the polymer diol component in the polyurethane molecules, while the hard 
segment is the part comprising diisocyanate and low-molecular-weight diol (and/or low-molecular-weight 
diamine). Moreover, the soft segment content is the wt% of polymer diol in said polyurethane, while the 
wt% of diisocyanate, low-molecular weight diol, etc., is the hard segment content. Consequently, the part 
other than the soft segment is the hard segment. The content of these structural components in the 
polyurethane molecules can be determined by analytical methods including nuclear magnetic resonance 
(NMR), etc., and therefore, the soft segment content can be determined. If the soft segment content of the 
polyurethane is less than 50 wt%, adhesion with the ethylene-vinyl alcohol copolymer will be insufficient. 
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Moreover, polyurethane with a high soft-segment content has insufficient cohesive force as an adhesive, 
and therefore, the hard segment content should be 15% or higher. Molecular weight of the component 
comprising the soft segment should be 400-5,000, particularly 600-3,000. Examples are polyether diols, 
including polyethylene glycol, polypropylene glycol, polytetram ethylene glycol, etc., polyester diols, 
including polycapro lactone, polyethylene propylene adipate, etc., and polycarbonate diols, including 
polyhexamethylene carbonate, etc. Of these, polyether diols and polycarbonate diols are excellent in terms 
of hydrolysis resistance and alkali-decomposition resistance of the polyurethane, and polyester diols and 
polycarbonate diols are excellent in terms of weather resistance and adhesive strength. Any of these can be 
used for the purpose of this invention. 

The hard segment can be diphenyl methane diisocyanate, tolylene diisocyanate, hydrogenated 
diphenyl methane diisocyanate, xylylene diisocyanate, isophorone diisocyanate, etc. 
Hydrogenated diphenyl methane diisocyanate, xylylene diisocyanate, and isophorone diisocyanate are 
suited to the purpose of this invention because they improve weather resistance of the polyurethane. 
Moreover, mixtures of these diisocyanates can also be used. In addition, ethylene glycol, dihydroxyethyl 
benzene, butanediol, propylene glycol, ethylene diamine, diaminodiphenyl methane, etc, and other low- 
molecular-weight diols and low-weight molecular diamines can be used as a component of the hard 
segment. Furthermore, when a diamine is used, a polyurethane urea forms, and these are also contained in 
the polyurethane of this invention. 

The polyurethane in this invention can be produced by conventional methods, such as solution 
polymerization, block polymerization, etc. Said polyurethane can be fed to the lamination process in 
solution form, but it is preferred that it be fed to the process whereby it is laminated with the ethylene-vinyl 
alcohol copolymer in a state in which hot molding is possible. 

There are no special restrictions to the method used for lamination of the ethylene-vinyl alcohol 
copolymer and polyurethane in this invention, and coextrusion, examination, coating, etc., can be used. Of 
these, coextrusion is the most efficient. 

The ethylene-vinyl copolymer used in this invention was obtained by saponification of a 
copolymer of ethylene and vinyl acetate. It is preferred that the ethylene content of this copolymer be 
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within a range of 5 to 50 molar%, and J 0 molar% or less vinyl acetate units should remain. It can also 
contain copolymer components other than the ethylene and the vinyl acetate. 

Extrusion, etc., can be used to produce the laminate of this invention. Moreover, the laminate can 
be as thick as necessary. The laminate structure can be a 2-layered structure of ethylene-vinyl alcohol 
copolymer and potyurethane, or it can be a 3-layered film or sheet of ethylene-vinyl alcohol copolymer as 
the middle layer with polyurethane laminated on the front and back. 

The laminate of this invention has good adhesion with materials that are polar and it can be used 
for a variety of purposes as an adhesive with a polar material. In particular, laminated sheets with the 
laminate of this invention as the middle layer, polyvinyl fluoride film whose surface has been activated as 
the surface layer, and a strong material, such as a polyamide woven or a polyethylene terephthalate woven, 
as the back layer is very useful as a lightweight composite material that has high weather resistance, 
strength, and gas-barrier performance. 

This invention will now be explained with examples. However, this invention is not limited to 
these examples. 

Example 1 

Polyurethane was obtained by copolymerization of 56 wt% poly-e-caprolactone, 28 wt% 
methylene bis-phenyl diisocyanate, and 16 wt% dihydroxyethyl benzene, with dimethyl formamide as the 
solvent. The polyurethane that was obtained had a soft segment ratio of 56 wt%. A polyurethane sheet was 
made by casting the polymer solution on a glass sheet. 

Next, said polyurethane sheet and an ethylene-vinyl alcohol copolymer (Kuraray Co., Ltd., Eval F) 
sheet were hot pressed at 210°C to obtain a laminate. Peeling strength of the laminate as determined by the 
T-type peeling test was 3.3 kg/15 mm. 

Examples 2-4. Comparative Examples 1 and 2 

Peeling strength of laminates obtained under the same conditions as in Example 1, with the 
exception that the copolymer composition of the polyurethane was varied, was determined. The results are 
shown in Table 1 . 
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Table 1 


Polyurethane copolymer 
composition 


Soft segment wt% 


Peeling strength 
kg/1 5mm 


Example 2 


PC(56), MDI(28), 
BHEB (16) 

PCL(58),H 12 MDI(30), 
BHEB(12) 

PCL(63),H 12 MDI(24), 
BHEB(13) 


56 


1.5 


58 


2.9 
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Comparative Example 1 


PCL(40),MDI(49), 
EG(ll) 

PCL(32),MDI(55), 
EG(3) 


40 


2 


32 


0.5 


Note: The figures in parenthesis represent wt%. 

PC: Polycarbonate (Sumitomo Baierun; Teismohen 2020-E) 

PCL: Poly-e-caprolactone (Example 3: Dainippon Inc., Co., Ltd., Polylite OD-X21 15; 

Example 4, Comparative Examples 1, 2: Dainippon Inc., Polylite F ) 

MDI: Methylene bis-phenyl diisocyanate ( Nihon Polyurethane; Mirionate MT) 

H| 2 MDI: Hydrogenated MDI (Sumitomo Baierun; Tesmodure W) 

DEHEB: Dihydroxy ethyl benzene (Ihara Chemical; Ihara Kuramine H) 

EG: Ethylene glycol 


Examples 5-10 

A laminate of an ethylene-vinyl alcohol copolymer (Kuraray Co., Ltd., Eval F) sheet as the first 
layer, the polyurethane sheet obtained in Example 1 or 2 as the second layer, and polyvinyl fluoride film 
(Dupont Co., Ltd-, Tedlar- 100 BG 300 C), polyaramide woven (Dupont Co., Ltd., Keviar 29), or 
polyethylene terephthalate film (Daiyahoiru Co., Ltd, Daiyahoiru) as the third layer was made by hot 
pressing at 220°C. Peeling strength was determined. The results are shown in Table 2. 


Table 2 


Example 

Laminate structural details 


Peeling strength (kg/15 mm) 

5 

Eval 1 polyurethane sheet (1) 1 

Tedlar 

Cracked on Tedlar side 

6 

Eval 1 polyurethane sheet (1)1 

Keviar 

1.8 

7 

Eval 1 polyurethane sheet (1) 1 

Daiyahoiru 

1.6 

8 

Eval 1 polyurethane sheet (2) 1 

Tedlar 

Cracked on Tedlar side 

9 

Eval 1 polyurethane sheet (2) 1 

Tedlar 

2.1 

10 

Eval 1 polyurethane sheet (2) 1 

Daiyahoiru 

1.0 


Note: (1): obtained in Example 1, (2): obtained in Example 2. 
Note: (1): Obtained in Example 1 (2): Obtained in Example 2 


Comparative Example 3-5 

A laminate of an ethylene vinyl alcohol copolymer (Kuraray, Eval F) sheet, and polyvinyl fluoride 
film (Dupont, Tedlar-100 BG 500 T), polyaramide fiber non-woven (Dupont, Kevlar 29), or polyethylene 
terephthalate fifan (Daiyahoiru Co., Ltd., Daiyahoiru) was hot pressed at 220°C and peeling strength of the 
laminate and helium gas permeation were determined. The results are shown in Table 5. 


Table 3 


Comparative example Laminate 


Peeling strength 


Helium gas permeation 


(kg/ 15 mm) 


(CC/cm 2 24 hr 


atm/35°C 40 u) 


3 


Eval 1 Tedlar 


1.5 


570 


4 


Eval 1 Kevlar 


L4 


650 


5 


Eval 1 Daihahoiru 


0.2 


600 
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